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The major research area of this program has beewn conrerned

primarily with the {fundamenta’ acte of orosslinking polymevs by high srevgy

fovazing vaddation. M major concern has beern the dependsncs of the orasg-

g -

’,‘ N Q“M:adti ;3

A ed,

. T -

R RRR L o <7

i

FEUO uRiT B

»ezjyzed and reported were accomplished wi ractions which encomypassad
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~iented orystalline state, Thsz bigh level of cyyst

elypg eificiency, radiochemircal acts, ard resulient isotropic network

¢ or the aizie of the systern at the “ime the croaslivks were iniro-

The states being studiad are the completely amorpbous statss.

ny wer o long times of crystaliization af elevsisd temperaiures.  Primoem

up to now, has been givern lo studics

Although preliminary and explan tory experimenis were periorme

ctiomated matierial in ordey o develop techniques. (he resulis

ooside sange in molecular weights. The utilszatior of molecular weight

cedeons hielps clarify the problem, particalarly v controllirg 20d varving
woamoend of erveiallinity and in the avalyses of the paviziioai.g betweer oo
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wre Crystalline and Amorphous St2iss', J. Polymer Sci. . E;B;,t £

Some of the vesulis obtained (o dale are summarized in the fuilewing

+ 3 papers:

rra ion Crogs g of Polyethvlene elative Bificiency
"irradiation C linking of Polyethyl Relat Y
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"Irradiation Crosslinking of Polu~thvlenes: The Tewmperatur:

Jeperdence of Crosslinking iw the Crysiallive and Amorphous

Haies', 4. Amn. Chem. Sotb., §_§_, 3529 (1964},
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{3} "A Comparison of the Crosslinking of Highly Oriented and

Non-Orienied Crystailine Polyathylene by Ionizing Radiaiion',

§. Polymer Sci., 2, 1619 {1964},

Cne of the major conclusions to date has been the enhanced cross-
linking efiiciency, as manifested by the amount of gel formed, in the highly

crystalline polymer at temperatures about 90°C. To further invest tigate

the basic reason for this rathe» new chservation, an clucidation of the

adiochemical acis ived and their dependence on the state of the sysiem
and the temperature of irradiation has heen undertaken, We are, thereiore,
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in the process of measuring the disappearance of vinyl unsaturation and ths

formation of trans unsaturation by infra-red techniques as well as the amount

of hydrogen evelution as it depends on the radiation dose, the temperature
and the state of the system. To dote the experimental technigues have bzen

developed and some preliminary conclusions have been made, B
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that the rate of vinyl decay follows first-order kinetics, it is found that for
unfractionated polyethylene the rate consiant is essentially independent of
temperatere for highly crystalline material, At ¢ mperature at which
the highly crystalline and completely molien polymer can be compared, the
rate constant for the latter state is about 40% less. The formation of trans-
vinylene has been measured in the highly crystalline sample at 25° and
133°C. A 50% increase in unsaturation per unit dose is obsevved ai the

higher temperature. A similar ivend bas been observed for a molzseular

‘-‘;-‘,Zeign :f fraction M? = 200 600,
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Previcusly published resulis from this labovatory indicated the
possibility that chain scission processes may play an important role during
the irradiation of highly crystailine polyethylene at room temperature. To
further explore this possibility intrinsic viscosity measurements as a function
of dose of highly crystailine polymers irradiaied in the pre-gelaiion regicn
have been undertaken. The resulis to date on two molecular weight fraciions

indicate that in the crystalline state there is significantly more scission
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after irradiation at 25 C than at 100 C, if there is any scission at all at the
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tter temnperature. These experiments are baing continued with part
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emphasis on lower molecular weight samples whgre the crystalline morphology
is more clearly defined, A theoretical analysis of this problem bas bzen
undertaken so that the relative amount of chain scission per unii dose can be
more quantitatively described.

The studies info the molecular reasons for the enhanced crosslinking in
highly crystalline polyeihylene above 30°C is continuing, The thesis that
molecular motions, possibly rotation avound the chain axis is involved, is
being investigated. Preliminary aunclear magnetic resonance studies are
consistent with this mechanism but are not as yet definitive. This work is
being continued and it is also plamned, in this connection, te study the infra~-red

absorption spectra of highly crysialline polyethylene as a funciion of teranera~
12 guly cry ¥ J2



